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PlantcircBase: a database for plant circular RNAs
Dear Editor, Circular RNAs (circRNAs) are a kind of non-coding RNAs which were first found over 35 years ago but become popular in recent years. They are covalently closed loops derived from back-splicing of precursor mRNAs. Based on their genomic location, circRNAs can be divided into exonic, intronic, intergenic and exon-intronic circRNAs (Chen, 2016) . With the help of bioinformatics algorithms, a large number of circRNAs have been detected among diverse organisms, including plants like Arabidopsis thaliana and Oryza sativa (Memczak et al., 2013; Ye et al., 2015; Chen, 2016) . CircRNAs have been shown to function as miRNA sponges to sequester miRNAs and play an essential role in transcriptional regulation (Memczak et al., 2013) . A database of circRNAs is of great importance for studying their biogenesis and functions. Recently, several circRNA databases for humans and animals (e.g. circBase, circRNADb and circNet) have been established with functions of searching and browsing (Glažar et al., 2014; Chen et al., 2016; Liu et al., 2016 (Wang et al, 2014; Ye et al., 2015; Lu et al., 2015; Ye et al., 2016; Supplemental Table 1) , as well as unpublished circRNAs newly identified by this study. Based on the collected circRNAs, we further predicted those putatively acting as miRNA sponges and their potential networks involving circRNA-miRNA-mRNA in the corresponding organisms. Our database also provides other functions such as visualization of circRNA structures based on their genomic position and prediction of circRNAs from query sequences generated by Sanger sequencing or high-throughput sequencing. In order to provide the latest developments of circRNAs in plants, we will update PlantcircBase when newly identified plant circRNAs are available, and also plan to add new functionalities in the database in future, such as functions and biogenesis mechanisms of circRNAs. First, PlantcircBase includes a total of 77,595 unique circRNAs from diverse tissues of five organisms (40,314, 35,884, 496, 854 and 47 for O. sativa, A. thaliana, Z. mays, S. lycopersicum and H. vulgare, respectively) . Of the 77,595 circRNAs, 178 back-splicing sites and 70 full length sequences have been experimentally validated by Sanger sequencing of divergent PCR products ( Figure 1A , Supplemental Table 1 ), 1,861 were predicted as putative miRNA sponges. In addition, 1,335
circRNA-miRNA-mRNA networks were constructed for the circRNAs included in the database.
Second, detailed and comprehensive information are displayed for each circRNA entry in PlantcircBase ( Figure 1C ). Except for general information, such as the circRNA ID, circRNA aliases used in other publications, organism, position in genome, parent gene and its annotation, and other useful information that are specific for plant circRNAs have also been presented. For example, our previous study showed that circRNAs in plants are generated with diverse non GT-AG splicing signals (Ye et al., 2016) , while most exonic circRNAs in humans contain the canonical splicing signals. Therefore, in addition to the information of whether or not the splicing sites are on the exonic boundaries, splicing signals of each circRNA are also provided. For each circRNA entry, additional circRNAs overlapping or sharing the parent gene with it are considered as products of alternative splicing, and presented under the category "Alternative splicing". Furthermore, PlantcircBase provides the back-splicing junction sequences of circRNAs, of which the uppercase and lowercase sequences represent the two sides of a back-splicing site, respectively.
PlantcircBase also provides the total number of RNA-seq reads in different tissues that support the back-splicing site. Importantly, two pieces of evidences for the presence of a circRNA, i.e. experimental validation results of the back-splicing site (together with the PCR primers) and the full length circRNA sequence, are presented in PlantcircBase if such information is available. Additionally, the conservation of circRNAs among the five organisms has been determined based on sequence similarity and orthologous relationship of their parent genes (for details see Supplemental Information). Finally, we have predicted miRNA sponges of circRNAs using eTM_finder (Ye et al., 2014) , and targets of the miRNA acting as sponges using psRNATarget (http://plantgrn.noble.org/psRNATarget/). Such information was used to predict potential networks involving circRNA, miRNAs and their target mRNAs.
Third, diverse bioinformatics tools are available at PlantcircBase: (1) basic tools including browsing, searching ( Figure 1D ) and downloading: the browsing tool provides a glance over the whole database; the searching function provides tool to find circRNAs using keywords (e.g. ID, parent gene name, sponge miRNAs), sequence comparison, or conditional filtering; the detailed information of a circRNA or all entries in PlantcircBase can be downloaded using the download tool. (2) advanced tools, including visualizing structures of circRNAs and predicting circRNAs: all circRNAs in the database can be visualized in a "circular format", a "linear format" or their relationship with the parent gene ( Figure 1E, 1F) . Circular format shows a circRNA with the two back-splicing sites being stick together and gene structures color coded. The exact position of the circRNA in its parent gene ( Figure 1F , the grey area) and its flanking genes are also shown. The predicting tool, which is based on a M A N U S C R I P T
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new bioinformatics algorithm (our unpublished data), can be used to predict whether or not a query sequence forms a circRNA. If the answer is yes, it will further tell users whether or not the circRNA has a match in PlantcircBase. In summary, we aim to track and assemble all plant circRNAs documented in the latest publications and provide researchers with the most comprehensive information about plant circRNAs, especially the experimentally validated ones, in a user friendly platform. We believe that PlantcircBase will be a useful tool set facilitating functional studies of circRNAs in plants. 
